Transforming deoxyribonucleic acid (DNA) from Haemophilus influenzae was exposed to X rays either in phosphate buffer or in 10% yeast extract. Relations between determinations of biological inactivation, DNA uptake by competent H.
The biological effects of X irradiation of cells are commonly attributed to deoxyribonucleic acid (DNA) damage. X irradiation of cells results in single-strand breaks, double-strand breaks, nucleotide damage in the DNA, and damage to other parts of the cell (1) . Energy from ionizing radiations, unlike properly selected wavelengths of ultraviolet, is absorbed equally by DNA and other cellular constituents. However, in vitro X irradiation of purified transforming DNA is a means of investigating the biological and physicochemical effects of X rays on a single cellular constituent. We attempted to determine the mechanism of X-ray inactivation of transforming DNA by measuring the following properties of DNA as functions of X-ray dose: (i) inactivation of transforming ability, (ii) entrance of the DNA into the cell, (iii) physical integration of the DNA into the recipient genome, and (iv) single-and double-strand breaks. Our results indicate that transforming DNA is inactivated by X rays primarily because the cell does not integrate DNA containing X-ray-induced double-strand breaks, although such DNA is mostly taken up by the cell.
MATERIALS AND METHODS
Microorganisms and transforming DNA. The strains of Haemophilus influenzae, methods of growing cells, preparation of transforming DNA, and transformation assays were described previously (10 min at 37 C. A 0.1-ml amount of deoxyribonuclease (1 mg/ml) was then added, and the mixture was incubated another 5 min, followed by centrifugation and resuspension of the cells in 0.5 ml of MIV medium. Two 0.1-ml samples were placed on Whatman 3MM paper discs (2.3 cm) which were then washed three times in cold 5% trichloroacetic acid and twice in alcohol and counted with toluene-2, 5-bis-2-[(5-tert-butylbenzoxazolyl)]-thiophene scintillation fluid in a scintillation counter. Control experiments with exponentially growing cells which are unable to take up a significant amount of DNA from the medium (12) showed no uptake with this method.
Integration. The method of measuring integration which was described previously (9) is based on the work of Steinhart and Herriott (13) , who showed that radioactively labeled competent H. influenzae cells release label into the medium equivalent to the amount of integrated nonlabeled transforming DNA Studier (14) were used for the calculations. The constants of proportionality for our experimental conditions with alkaline and neutral gradients were obtained from analysis of separate sedimentation experiments with radioactively labeled DNA of bacteriophage lambda b2 (kindly supplied by Grete KellenbergerGujer), for which we took the double-strand molecular weight at the gradient peak to be 2. (4) 
RESULTS
The loss of transforming ability of DNA resulting from X-ray irradiation is about 100 times as great when the DNA is irradiated in buffer as when it is irradiated in a protective compound, although the shapes of the dose effect curves are similar under the two conditions (Fig. 1) . All of the curves are convex downward on a semilogarithmic plot. The radioactively labeled DNA is about twice as sensitive as the other DNA, which difference we believe reflects that the molecular weight of the labeled DNA preparation may be twice that of the other preparation. These measurements were completed within 3 weeks of the preparation of the labeled DNA. The doublestrand molecular weight of this material decreased only about 30% in 8 months. Hence, strand breaks induced by isotope decay seem an unlikely cause for differences in radiosensitivity. Figure 2 shows the direct and indirect effect of X irradiation of transforming DNA on the competent cells' uptake of DNA. There is little or no observable decrease in uptake except at the highest doses. Thus, the radiosensitivity as measured by uptake is much less than that for transformation as Lerman and Tolmach have shown for pneumococcal DNA (8) . However, integration of transforming DNA into the recipient genome is decreased markedly by X irradiation, as shown by the data of Fig. 3 Fig. 4 , along with similar data obtained for DNA irradiated in yeast extract. Dose curves for reduction of integration by both the direct and indirect effect are similar to those for inactivation (Fig. 1, [1HJDNA; Fig. 4 ), although transformation appears to be slightly more sensitive. The average molecular weights for the labeled unirradiated transforming DNA obtained from sedimentation velocity measurements are shown in Table 1 . The double-strand molecular weights are about twice the single-strand ones. The weight-average molecular weights are more than twice as large as the number-average weights. Figure 6 shows a summary of such data as the production of single-and double-strand breaks per number-average strand (calculated from equation 1) induced by the direct and indirect effect of X-rays on the labeled DNA. The radiosensitivity for the indirect effect is about 100 times that for the direct effect. Per unit mass, single-strand breaks are produced 5 to 10 times as readily as doublestrand breaks. DNA (9) which showed that transforming activity is very much more ultraviolet-sensitive than is integration. In considering transformation here, we deliberately report results for only the least radiosensitive marker (cathomycin) and base our discussion on these because we believe that this inactivation is the result of a common underlying mechanism to which for other markers, is added inactivation by secondary effects.
The fact that transformation appears to be slightly more sensitive to X irradiation than does integration ( 
